SUMMARY -Osteoid osteoma (OO) is the most common benign osteogenic bone tumor that predominantly aff ects young adults. OO is commonly localized in long bones, and therefore, it is rarely considered in diff erential diagnosis of chronic shoulder pain. We report a case of a 22-year-old male athlete, without history of previous trauma, who presented to our Department with chronic shoulder pain, which escalated during the night and responded to nonsteroidal anti-infl ammatory drug treatment. Considering these typical symptoms, diagnostic pathway was immediately directed towards OO, with magnetic resonance and computed tomography confi rming the diagnosis of OO of the coracoid process (CP). Since neurovascular structures are in the proximity of CP, and this very delicate area does not support radiofrequency ablation, we decided to perform an open procedure with drilling of the lesion and excochleation. Th e pain withdrew immediately after the procedure, and on six-month follow up the patient remained pain free. In the treatment of OO of the CP, we recommend open surgical procedure with tumor ablation by drilling instead of CP resection, presenting a safe, simple and low-cost method that simultaneously completely destroys the lesion and preserves the anatomical and functional role of CP.
Introduction
Osteoid osteoma (OO) is the most common benign osteogenic bone tumor (75%-85% of all benign osteogenic bone tumors), and accounts for 4%-5.5% of all primary bone tumors [1] [2] [3] . It typically occurs in young adults, with a marked male predominance (2-4:1) 1 . Histologically, OO is composed of two well distinctive zones: central nidus and the surrounding zone of reactive bone sclerosis 4 . Prostaglandins (PG), particularly PGE2 and PGI2, released by osteoblastic tumor cells and nerve fi bers found in reactive zone and in the nidus, are assumed to be a mediator responsible for severe nocturnal pain, which responds well to the nonsteroidal anti-infl ammatory drug (NSAID) treatment 5, 6 . Although this type of tumor may appear throughout the skeleton, signifi cant predilection has been described for long bones of lower extremities, aff ecting femur and tibia with a prevalence of approximately 50% 1, 7, 8 . Vertebrae are aff ected in approximately 10% of all cases, while the humerus, acetabulum, talus, calcaneus, metacarpus and scapula, together with coracoid process (CP) represent atypical localizations 7, 9, 10 . OO of the scapula, and particularly of the CP, is a rarely seen condition, which is the reason it is often not included in the diff erential diagnosis of shoulder pain in younger individuals.
A great number of methods have been described in the treatment of OO including a wide spectrum ranging from seldom-used conservative approach with NSAIDs over minimally invasive percutaneous treatments (mechanical, chemical or thermal ablation) to open surgical methods (en bloc resections and curettage techniques) [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Th erapeutic approach merely depends on numerous factors, among which anatomical localization is one of the most important factors in decision-making. Th erefore, optimal therapeutic approach should be considered and selected for each patient individually.
Case Report
A 22-year-old male amateur soccer goalkeeper without history of previous trauma was referred to our Department with one-year history of left shoulder pain. Th e pain sensation was present constantly in the anterior part of the shoulder, spreading to the left upper arm. Pain intensity signifi cantly escalated during the night and ceased immediately upon NSAID treatment. During clinical examination, the patient reported pain sensation in the projection of the left CP. Shoulder range of motion was neither restricted nor painful and muscle strength was well preserved. Clinical orthopedic examination of the shoulder did not reveal any specifi c pathology. Th ere were no signs of fracture or other pathology present on plain anteroposterior and axillary radiographic projections (Fig.  1A) . Left shoulder magnetic resonance imaging (MRI) detected a focal cystic-like lesion of the CP, which was slightly more voluminous. After application of paramagnetic contrast, the lesion displayed intensive inhomogeneous imbibition associated with perifocal soft-tissue imbibition (Fig. 1B) . According to this radiological fi nding, OO of the left CP was suspected and computerized tomography (CT) was indicated. CT scan revealed a well-separated 6 mm wide radiolucent zone, with signs of partial sclerosis (Fig.  1C) . Altogether, these fi ndings strongly suggested the presence of OO in the area of the left CP, and surgical treatment was indicated.
After thorough preoperative planning, the patient underwent open surgery in the beach chair position under regional anesthesia (ultrasound-guided interscalene brachial plexus block). A 3 cm long skin incision was made over the CP, directed as a cranial extension of standard deltoidopectoral approach. Cephalic vein was exposed and retracted laterally. Th e tip of the CP and the conjoined tendons (the short head of the biceps brachii and the coracobrachialis) were identifi ed, and after splitting the tendons in line with the fi bers, the CP was fully exposed. According to the preoperative plan, tumor ablation by drilling together with excochleation was performed, until healthy bone was exposed on the margins. Tumor tissue was sent for histopathologic analysis. Th e postoperative clinical course was uneventful and the patient reported immediate pain relief after the procedure, and physical therapy was started on the fi rst postoperative day. Later on, histopathologic analysis confi rmed OO tissue. On sixmonth follow up, the patient remained pain free and did not complain of any additional symptoms.
Functional assessment of the aff ected shoulder was performed using the Constant Shoulder Score (CSS) and Oxford Shoulder Score (OSS) [22] [23] [24] [25] . Preoperative CSS diff erence between the healthy and aff ected shoulder was 15 points (85 points on the left and 100 points on the right), while postoperatively there was no diff erence between the two sides, i.e. the score was 100 points bilaterally. Preoperative OSS was 24 on the left side, while postoperative score was maximum of 48 points, indicating that the patient was without any symptoms. Both CSS and OSS remained with maximum values on six-month follow up.
Discussion and Literature Review
Osteoid osteoma usually presents with nonspecifi c pain sensation, which increases during the night and responds well to NSAIDs 6, 11 . In cases when OO is situated in the scapula, pain intensity and distribution may diff er and therefore diff erent shoulder pathologies are suspected, while this benign osteogenic tumor is rarely taken into account 12, 26 . Moreover, OO localized in the CP usually presents with anterior shoulder pain and pathological entities such as shoulder instability, impingement syndrome or the rotator cuff tear are usually suspected 13 . In addition, OO of the CP may cause stiff ness of the antero-superior capsule, leading to painful movement restriction or even neurological symptoms due to the aff ected infraclavicular brachial plexus as the result of soft tissue edema 14, 27 . OO may also be conjoined with bone deformity, muscle atrophy or swelling of the surrounding tissues. Th ese symptoms may resemble other clinical conditions such as osteomyelitis, Brodie abscess, stress fracture, and various bone tumors including osteoblastoma or Ewing tumor 28 . Most frequently, OO presents with the typical radiographic sign of a small (up to 2 cm) radiolucent oval nidus with the rim of the surrounding sclerotic bone 29 . It is generally considered that bone tumors of the CP might be diffi cult to detect on plain radiographs 26 . However, if plain radiographs reveal reactive bone formation and osteosclerosis, CT is further indicated since it provides high sensitivity and precision, which are the key features for future treatment. In cases when the underlying tumor cannot be detected on plain radiographs, MRI is usually performed since it provides excellent visualization of both the tumor and the accompanying bone marrow edema 14, 30 . A great number of methods have been used in the treatment of OO including a wide spectrum of methods ranging from seldom used conservative approach with NSAIDs over minimally invasive percutaneous treatments which are currently considered the treatment of choice to open surgical methods.
Numerous percutaneous methods have been developed in order to precisely ablate OO, while preserving the surrounding structures and minimizing the need for postoperative immobilization. Th ey include CT or MRI guided percutaneous techniques, divided into three categories depending on the type of ablation: (i) mechanical ablation, which includes CT guided percutaneous drilling, with a success rate of 94%; (ii) chemical ablation with the use of ethanol and acetic acid injections; and (iii) thermal ablation methods, which are the most widespread group of percutaneous techniques and include radiofrequency ablation (RFA), microwave ablation, cryoablation and MRI guided high intensity focal ultrasound (MRgFUS) 15, 16 . RFA is currently considered as the treatment of choice 16 . It is both safe and effi cient therapy, with a high average initial success rate of 92%, low recurrence (0-35%) and complication rates (3%) 17 . Th e most common complications are thermal damage to sensitive neurovascular structures localized in the probe vicinity and skin burns, and therefore, this method was not a suitable treatment option for our patient 16 . In addition, we have to emphasize that percutaneous techniques often require sophisticated expensive devices, which are not available to some orthopedic centers dealing with this pathology.
Open surgical procedures include en bloc resections and curettage techniques with a success rate of 88%-100% 18 . Th ey provide immediate relief of symptoms, have a low-cost advantage, and a low relapse rate with the possibility of histopathologic verifi cation 9, 15 . Coracoid process is a small hooked structure located on the scapular neck that arises anteriorly and serves as attachment for the coracoacromial, coracoclavicular and coracohumeral ligament, as well as for tendons of the coracobrachial, small pectoral and short head of the biceps brachii muscle. Since neurovascular structures pass medially to the CP, and musculocutaneous nerve penetrates the coracobrachial muscle right under the coracoid, this is a very delicate area that does not support RFA. Th erefore, we decided to perform open surgical procedure in order to protect the important anatomical structures and preserve the functional role of the CP.
According to available literature, in 1994, Kaempff e was the fi rst to successfully perform curettage of the OO nidus located on the CP using the posterior approach 12 . Later on, several other open surgical techniques have also been described in the literature, and in most of the cases, anterior approach was used and coracoid osteotomy was performed, followed by OO excision and reattachment of the CP using a screw 13, [19] [20] [21] . Although all of these reports showed excellent results after follow up period of 2-30 months, we have to be aware that osteosynthetic material remains present after the methods where CP reattachment using a screw was performed 13, [19] [20] [21] . In such cases, an additional surgery may be required to remove any metal components that would interfere with CT or MRI. In addition, we have to be aware that non-union after CP reattachment also presents a possible complication that has not been reported in the literature so far, most probably due to the small number of published case reports. With the use of our approach, both of these complications would be excluded since CP remains completely intact. Accordingly, we believe that rehabilitation protocol following our surgical technique is faster and more suitable for younger population that usually practice sports activities. However, at the moment, we can only speculate about the advantages and disadvantages of diff erent techniques, and we believe that a larger case series would be necessary to compare diff erent approaches and to recognize the possible complications that cannot be predicted at this time.
In conclusion, for the treatment of OO of the CP, we recommend open surgical procedure with tumor ablation by drilling instead of CP resection, presenting a safe, simple and low-cost method that simultaneously completely destroys the lesion and preserves the anatomical and functional role of the CP.
